Methods Methods: twenty pigs underwent angioplasty with a 6x40 mm balloon catheter in the right common iliac artery, guided by Doppler ultrasound. The animals were randomized into two groups: group 1 (n=10), which received 50mg cilostazol twice a day, and group 2 (n=10), control. After 30 days, the animals were killed and the iliac arteries prepared for histological analysis. The histological sections were digitized and analyzed by digital morphometry. Statistical analysis was performed using the Student t and Mann-Whitney tests. Results
eripheral arterial disease has a prevalence of up to 20% in patients over 70 years old and is an important cause of morbidity 1 . When surgical intervention is indicated, the endovascular technique is the initial treatment for most anatomical stages in different arterial sites 1, 2 and in various clinical conditions. The endovascular treatment initial success rate is high, exceeding 90% in the aortoiliac segment, but the patency falls over time due to restenosis 3, 4 . Drugs have been used in attempting to reduce the risk of restenosis after percutaneous vascular procedures. Cilostazol has antiplatelet, vasodilatory and antiproliferative effects [5] [6] [7] . It is a selective phosphodiesterase III inhibitor and promotes increase of adenosine 3',5'-cyclic monophosphate in platelets and smooth muscle cells. The sequence of events stimulates the rapid regeneration of endothelial cells, which inhibits neointimal formation by two mechanisms: blockage of the abnormal growth of vascular smooth muscle cells (VSMC) and endothelial function improvement 5, 6, [8] [9] [10] [11] [12] . These mechanisms may be responsible for reducing restenosis after coronary stent insertion observed in clinical trials and metanalyses 13, 14 .
There are studies with small numbers of patients analyzing the use of cilostazol after peripheral endovascular procedures, especially in the femoropopliteal segment, with favorable initial results 15, 16 . However, it is not clear whether its application can be extended to other arterial sites.
The objective of this study is to evaluate whether the systemic administration of cilostazol reduces neointimal hyperplasia in iliac arteries of pigs submitted to balloon catheter angioplasty.
METHODS

METHODS METHODS METHODS METHODS
We performed the procedures in 20 Large White pigs, from different familial origins, with average eight weeks of age, from the Unidade de Experimentação Animal of Hospital de Clínicas of Porto Alegre (HCPA), accompanied by a veterinarian and a nurse. The study was approved by the Comitê de Ética of the Grupo de Pesquisa e Pós-Graduação of HCPA and conducted according to the protocol of the Unidade de Experimentação Animal of HCPA. Project number 09-150.
Exclusion criteria established previously to the experiment implementation were: thrombosis or rupture of the segment undergoing angioplasty; reoperation due to Longhi Longhi Longhi Longhi Longhi Effect of cilostazol on neointimal hyperplasia in iliac arteries of pigs after transluminal angioplasty bleeding; death of the animal before the deadline of arterial segments withdrawal; technical glitches in tissues preparation or processing.
The pigs were pre-medicated with ketamine (15mg/kg) and midazolam (0.8mg/kg) intramuscularly. After ten minutes, we held an access in the cephalic vein for administration of 0.9% saline (5ml/kg/h). During the procedure, the animals received 100% oxygen through a face mask, which, coupled with the muzzle, allowed monitoring of respiratory rate. We also monitored heart rate and the anterior leg withdrawal reflex. We kept the animals in deep sedation by the administration of a propofol "bolus". Infiltration was performed with lidocaine (4mg/ mg) in the site of the femoral artery access. Before the procedure, we administered the analgesic tramadol (2mg/ kg) and the antimicrobial cefazolin (20mg/kg).
The right common femoral artery was surgically exposed. Through direct puncture of the common femoral artery with a 18G needle, we introduced the 0.035 inches hydrophilic guide wire and inserted the 6 Fr, 11cm sheath. Under ultrasound control, was directed the guide wire to the abdominal aorta. At this point, the animals received intravenous heparin (Heptar, Eurofarma) at a dose of 100 IU/ kg. We performed doppler ultrasonography (TITAN equipment, SonoSite) during surgery to measure the diameters of the right common iliac artery and distal abdominal aorta. Then, we positioned the 6x40 mm balloon catheter (Passeo-35, Biotronik) in the right common iliac artery, from the trifurcation of the aorta, under ultrasound control. We carried out the angioplasty for one minute with an 8atm pressure. The diameter of the balloon catheter was selected to provide the sizing 10-20% larger than the common iliac artery lumen in this age group, similar to that used in interventions on human patients. At the end of angioplasty, we performed a Doppler ultrasound again to confirm the iliac segment arterial patency. After removal of sheath and guide wire, the common femoral artery was sutured, and the groin closed with nonabsorbable sutures. There were no intraoperative complications.
We divided the animals into two groups and randomized treatment through the site http:// www.randomization.com. Group 1 -animals undergoing angioplasty and administration of cilostazol (Vasativ, Eurofarma) 50mg twice a day starting on the first day after surgery and administered until the 30th day; Group 2 (control) -animals submitted only to angioplasty. The animals were tagged with numbered earrings of different colors for identification.
In the postoperative period, animals were housed in specific bays, with running water and balanced chow for their age and no additional lipid supplementation. After 30 days, the animals were again anesthetized and underwent laparotomy with exposition of the abdominal aorta and iliac arteries. The surgical specimens, containing the distal abdominal aorta and iliac arteries, were removed en bloc after a lethal dose of 2.5% sodium thiopental.
For optical microscopy evaluation, surgical specimens were rinsed in a 0.9% NaCl solution and fixed in a neutral buffered 10% formalin solution. The common right iliac arteries (undergoing angioplasty) and left (not undergoing angioplasty) were transversally sectioned in three points measured from the aortic trifurcation: 10mm, 20mm and 30mm. These points correspond respectively to the locations 25, 50 and 75% of the used balloon length (40mm). The segments were embedded in paraffin blocks, sectioned into 4mm sections and stained with hematoxylineosin, Verhoeff and orcein techniques.
The images of histological sections were scanned for morphometric analysis through morphometry and image analysis with the Image-Pro Plus software version 6.0 (Media Cybernetics -Silver Spring, USA) and Image (Scion Corporation -USA). The images of histological sections were digitized from the conventional optical microscopy: microscope with plan-achromatic lenses (Zeiss AxiostarGermany) with phototube adjusted to 0.25 magnification, color closed circuit camera (Sony DXC-151 -Japan) and digital analog conversion board (Image-Pro Plus Capture Kit, Media Cybernetics -Silver Spring, USA), generating image files with 2560x1920 pixels. Images were scanned with 40X microscopic magnification.
The planimetry of lumen area, the tunica intima and tunica media was performed with an automated technique, without interference from the observer. The lumen area was obtained by direct measurement of the area bounded by the endothelium; the intima, subtracting the area of the lumen from the area bounded by the internal elastic lamina; the media area by subtracting the area of the lumen and the intima delimited by the external elastic lamina. The results of the morphometric measurements of the lumen, intima and media areas are presented in absolute numbers (square millimeters), using the average of the obtained areas from the three segments of each artery. Additionally, we calculated the sum of the media and intima areas and the percentage of neointimal occlusion by dividing the intima area by the area delimited by the internal elastic lamina.
For descriptive statistics, we used the average and the standard deviation for parametric variables, and the median and interquartile ranges for non-parametric variables. When comparing groups, we used the Student t test and the Mann-Whitney test. We considered p<0.05 as statistically significant.
RESULTS
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All 20 animals undergoing angioplasty completed the study. We directly assessed the iliac arteries' patency during the removal of tissue for histological analysis. There was no difference animals weight between groups (24.83 versus 22.90kg; p=0.34). The diameter of the common iliac artery (mean of the By comparing the intima area in the right common iliac artery (submitted to angioplasty) with the intima area in the left common iliac artery (not submitted to angioplasty), we observed a significant neointimal hyperplasia (0.228 versus 0.119 mm 2 ; p=0.00001) (Figures 1 and 2) . This difference persists even when stratified by Group 1 (cilostazol) and Group 2 (control) (Figure 3) . Table 1 shows the data of the digital morphometry of the right common iliac arteries subjected to balloon catheter angioplasty. There was no difference in the lumen area, the intima area, the media area, the media + intima area and the neointimal obstruction percentage between groups (Table 1 and Figure 4 ).
DISCUSSION DISCUSSION DISCUSSION DISCUSSION DISCUSSION
Restenosis after balloon catheter angioplasty is caused by the negative elastic remodeling and the proliferation and migration of vascular smooth muscle cells (VSMC) 17 . In this model, the response of the arterial wall to the damage caused by angioplasty is the release of growth factors and other biologically active factors, which change the composition of the extracellular matrix and promote VSMC phenotypic change, from contractile to synthetic (dedifferentiation), leading to cell proliferation in the tunica media and migration to the tunica intima, forming the neointima 18 . Animal models with pigs better reflect the pathophysiology of restenosis occurring in humans, with similar stages of neointimal formation [19] [20] [21] . In addition, pigs present similarities in the vascular anatomy, in the coagulation system and physiology; and in medium-sized animals, one can use the same materials used with humans without the need for adjustments 19 . The experimental porcine model of balloon catheter angioplasty in coronary arteries could cause significant neointimal hyperplasia only when there was rupture of the internal elastic lamina 22 . In rat carotid arteries, the results are similar 23 . Previous work comparing versus angioplasty versus angioplasty with stent in pigs' iliac arteries concluded that the use of the stent causes increased neointimal hyperplasia 23 . These previous studies have also applied the technique of multiple angioplasties aimed to cause greater damage to the arterial wall. In this study there was significant neointimal hyperplasia, even using the balloon catheter oversizing of up to 20% commonly used in clinical practice and one single inflation of the Longhi Longhi Longhi Longhi Longhi Effect of cilostazol on neointimal hyperplasia in iliac arteries of pigs after transluminal angioplasty balloon catheter, which might have caused minor injury to the arterial wall compared to studies using a larger oversize and multiple inflations. The option to apply the technique without a stent lies in the fact that although most studies evaluate the use of cilostazol in procedures with stent in coronary 13 , carotid or peripheral 15, 16 arteries, isolated balloon catheter angioplasty in iliac segment remains a significant procedure in the endovascular treatment.
Experimental studies have shown that around four weeks the neointimal hyperplasia is complete, similar to that identified in humans in six to 12 months 24, 25 . A longer period of cilostazol administration probably would not add benefit. One limitation of this study is the assessment of the normal artery wall response. Extrapolation of the data is limited, since in the clinical setting the treated arteries present with atherosclerotic stenoses or occlusions. The adoption of an atherogenic diet does not appear to enhance neointimal hyperplasia in response to vascular wall injury in the porcine model 26 . The cilostazol dose of 50mg twice daily used in this study is similar to the maximum dose used in adults, and there were no adverse effects or change in behavioral pattern in treated pigs. Another limitation is the nonadministration of other anti-platelet agents such as acetylsalicylic acid, ticlopidine and clopidogrel used in clinical trials 10 . However, the isolated use of cilostazol allows evaluating the effect of the drug, since the association with other drugs can have diverse biological effects. Previous studies with animal models demonstrated that the administration of cilostazol reduced neointimal hyperplasia in animal models for the study of the coronary artery 27 , the carotid artery 28 and vein grafts 29, 30 . Only one study in canine model evaluated the effect of cilostazol in the iliac artery. They performed angioplasty with stent associated with embolization with coils of the common femoral artery for reduced flow in the iliac axis. The results demonstrated reduced neointimal hyperplasia and absence of thrombotic occlusion in the cilostazol group compared with controls 31 . This is the first study in pigs that evaluated the use of cilostazol on neointimal hyperplasia of the iliac artery. Moreover, the work used the technique of angioplasty guided by Doppler ultrasonography, which allowed to accurately measuring arterial diameters and the consequent appropriate choice of the balloon catheter diameter.
Data from this study showed that the balloon catheter angioplasty caused significant neointimal hyperplasia in iliac arteries of pigs. The use of cilostazol 50mg twice daily for 30 days did not reduce neointimal hyperplasia in iliac arteries of pigs submitted to angioplasty. We observed no differences in the lumen area, tunica intima area and tunica media area. Comparison between the areas of the lumen, the intima, the media and media + intima between groups. The value of p shows that there was no difference between the cilostazol and control groups. 
